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(54) Reflection type liquid crystal display 

(57) A reflection type liquid crystal display compris- 
es a substrate (10) provided with a TFT and a reflective 
display electrode (50) connected to the TFT, a counter 
electrode substrate (30) having a color filter (31), and a 
counter electrode (34), and provided with a light diffus- 
ing layer (43), a phase plate (44) and a polarizer (45) on 
the side of an observer (101), and a liquid crystal (21) 



held between the substrates. The surface of the reflec- 
tive display electrode (50) facing the liquid crystal (21) 
is concaved toward the substrate (10), so that a reflect- 
ed light is prevented from leaking to adjacent pixels, and 
prevented from being radiated to a black matrix in the 
vicinity of the pixels. A bright display can be obtained 
with a wide viewing angle. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 



[0001] The present invention relates to a reflection 
type liquid crystal display. 

DESCRIPTION OF THE RELATED ART 



[0002] A number of reflection type liquid crystal dis- 
plays that create a recognizable image by reflecting in- 
cident light originating from the observers side have 
been proposed to date. 

[0003] Fig. 1 is a sectional view of one such conven- 
tional reflection type liquid crystal display. 
[0004] As shown in Fig. 1 , such a conventional reflec- 
tion type liquid crystal display has a thin film transistor 
(hereinafter referred to as the TFT) as a switching ele- 
ment on an insulating substrate 10 of quartz glass or 
non-alkali glass or the like. 

[0005] First, gate electrodes 11 of a refractory metal 
such as chromium (Cr) or molybdenum (Mo), a gate in- 
sulating film 12, and active layers 1 3 of polysilfcon films 
are successively formed on the insulating substrate 
(TFT substrate) 10. 

[0006] Each active layer 13 includes channels 13c 
formed above the gate electrodes 11, and a source 13s 
and a dram 13d that are formed on botti sides of the 
channels 13c by ion doping using stopper insulating 
films 14 on the channels 13c as masks. 
[0007] Then, an inter-layer insulating film 15. which 
includes a SiOs film, a SiN film and a SiO^ film deposited 
in succession, is formed over the entire surfaces of the 
gate insulating film 12, the active layer 13 and the stop- 
per insulating films 14. A drain electrode 16 is formed 
by filling a contact hole, which is formed to correspond 
to the drain 13d, with a metal, such as aluminum (Al) 
Furthermore, a planarization insulating film 17, which 
consists of an organic resin, for example, and serves to 
flatten the surface, is formed over the entire surface A 
contact hole is formed at a location of the planarization 
insulating film 1 7 corresponding to the source 1 3s Are- 
flective display electrode 19 as a reflection electrode 
which consists of aluminum (Al) in contact with the 
source 1 3s through this contact hole and serves also as 
the source electrode 18, is formed on the planarization 
insulating film 17. An alignment film 20 consisting of an 
organic resin, such as polyimide, and aligning liquid 
crystal elements 21, is formed on the reflective display 
electrode 19. K y 

[0008] On a counter electrode substrate 30 facing the 
TFT substrate 10 and comprising an insulating sub- 
strate, are provided a color filter 31 including primary 
colors, red (R), green (G), and blue (B) and a black ma- 
trix 32 with a function to shield light; a protective film 33 
of a resin formed on the color filter 31; and a counter 
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electrode 34 and an alignment film 35 formed over the 
entire surfac ofth protective film 33. On the side not 
facing the TFT substrate 10, a polarizer 41 is located 
The counter electrode substrate 30 and the TFT sub- 
s strate 10 are bonded together with their peripheries 
sealed with a sealing bond (not shown), thus forming a 
space inside, and this space is filled with a twisted 
nematic (TN) liquid crystal 21 . 
[0009] The propagation of light when a user views the 
reflection type liquid crystal display as above is de- 
scribed below with reference to Fig. 1 
(001 0] As indicated by a broken line, a natural light 
100 coming from the outside enters from the polarizer 
41 on the side of an observer 101. and passes through 
the counter electrode substrate 30, the color filter 31 
the protective film 33, the counter electrode 34 the 
alignment film 35, the alignment film 20, the TN liquid 
crystal 21, and the alignment film 20 on the TFT sub- 
strate 10. The light is reflected by the reflective display 
electrode 19, travels through the layers in a direction 
opposite to the direction of incidence, emerges from the 
polanzer 41 on the counter electrode substrate 30 and 
enters the eyes of the observer 101. 

«« W" 6 "- as Seated by broken line 

102, the incident natural light advances linearly and is 
reflected by the reflective display electrode 1 9 of the re- 
flective material, the reflected light travels linearly and 
in parallel with the light 1 00. Therefore, a part of the light 
102 travelling linearly in parallel travels through a place 
30 not related with a display, such as the black matrix 32 
of the color filter 31. 

[0012] Therefore, when the display is observed the 
observed display in a specific viewing angle can be 
bright by the light having passed through a place other 
as than the place not related with the display, but the entire 
observed image is disadvantageously dark. Moreover, 
as another disadvantage, an image blur, or a bleeding 
of a color image tends to be easily generated because 
the light of a pixel to be displayed is emitted from other 
« pixels in the vicinity as shown in Fig. 1 . 



SUMMARY OF THE INVENTION 



[0013] The present invention has been made to rectify 
the disadvantages described above and has as its ob- 
ject to provide a reflection type liquid crystal display that 
enhances a luminance of each display pixel and offers 
a high-quality display. 

P014] According to one aspect of the present inven- 
tion, there is provided a reflection type liquid crystal dis- 
play, which comprises a liquid crystal held in a gap be- 
tween a first substrate and a second substrate disposed 
facing each other, and electrodes for driving the liquid 
crystal for each pixel disposed on the first and second 
substrates facing the liquid crystal. The electrode on the 
first substrate comprises a plurality of reflective display 
electrodes divided for the pixels and formed of conduc- 
tive reflective materials, and each of the plurality of re- 
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flective display electrodes has a concavity toward the 
first substrate on at least a surface facing the liquid crys- 
tal. 

[001 S\ According to another aspect of the present in- 
vention, in the reflection type liquid crystal display, a 
switching element for each pixel is further formed on the 
first substrate, and the switching element is connected 
to the corresponding electrode out of the plurality of re- 
flective display electrodes. 

[001 6] According to yet another aspect of the present 
invention, at least a surface of the reflective display elec- 
trode facing the liquid crystal is concaved toward the first 
substrate in the vicinity of a pixel area center. 
[0017] As described above, since the reflective dis- 
play electrode is provided with the concavity in each pix- 
el area, the light reflected by the reflective display elec- 
trode is converged within the pixel area, so that the light 
is prevented from being propagated or lost through a 
light shield area other than the pixel area as an invalid 
light, or from being emitted from an adjacent pixel area. 
Therefore, the luminance of the reflected light obtained 
in each display pixel can substantially be enhanced. 
Moreover, since the reflected light is emitted from the 
same pixel area without leaking to adjacent pixels, im- 
age blur and the bleeding of a displayed color image can 
be prevented, so that a display quality can be enhanced. 
[0018] Furthermore, in the present invention, the sec- 
ond substrate is provided with a light diffusing member, 
so that the light converged by the concavity of the re- 
flective display electrode can be diffused and emitted. 
Therefore, the intensity of the emitted light can be uni- 
formed in a single pixel, luminance nonuniformity is pre- 
vented and the display quality can further be enhanced. 
[0019] In still another aspect of the present invention, 
the concavity of the reflective display electrode may also 
be obtained by the following constitution. 
[0020] For example, in the device, at least an insulat- 
ing film is formed between the reflective display elec- 
trode and the first substrate. 

[0021 ] A concavity toward the first substrate is formed 
on the surface of the insulating film facing the liquid crys- 
tal for each of the pixel areas. The concavity of the in- 
sulating film is continued to the surface of the reflective 
display electrode facing the liquid crystal, formed on the 
insulating film. 

[0O22] Moreover, the switching element formed for 
each pixel and a wire for supplying a signal to the switch- 
ing element are formed on the first substrate. The plu- 
rality of reflective display electrodes are formed on the 
insulating film which is formed on the whole surface of 
the substrate so as to cover the switching element and 
the wire. Each of the plurality of reflective display elec- 
trodes is positioned so as to cover rising areas disposed 
by the provision of the corresponding switching element 
and/or the wire on the surface of the insulating film and 
a concaved area held between the rising areas, and ir- 
regularities of the surface of the insulating film are con- 
tinued to the surface of the reflective display electrode 



facing the liquid crystal. 

[0023] According to yet another aspect of the present 
invention, there is provided a reflection type liquid crys- 
tal display, which comprises a liquid crystal held in a gap 

s between a first substrate and a second substrate dis- 
posed facing each other; and electrodes for driving the 
liquid crystal disposed on the first and second sub- 
strates facing the liquid crystal. The electrode formed 
on one of the first and second substrates is a reflective 

10 display electrode formed of a conductive reflective ma- 
terial, and at least a surface of the reflective display elec- 
trode facing the liquid crystal has a concavity toward the 
substrate in each pixel area. 

[0024] According to still another aspect of the present 
is invention, there is provided a method of manufacturing 
a reflection type liquid crystal display provided with a 
liquid crystal held in a gap between a first substrate and 
a second substrate disposed facing each other, and 
electrodes for driving the liquid crystal formed on the first 
20 and second substrates facing the liquid crystal, said 
method comprising the steps of forming a reflective dis- 
play electrode with a conductive reflective material on 
the first substrate and of selectively etching the surface 
of the reflective display electrode to form a concavity 
25 toward the first substrate on the surface of the reflective 
display electrode. 

[0025] According to still another aspect of the present 
invention, there is provided a method of manufacturing 
a reflection type liquid crystal display provided with a 

30 liquid crystal held in a gap between a first substrate and 
a second substrate disposed facing each other, and 
electrodes for driving the liquid crystal formed on the first 
and second substrates facing the liquid crystal, said 
method comprising the steps of forming an insulating 

35 film on the first substrate; selectively etching the surface 
of the insulating film to form a concavity toward the first 
substrate for each pixel area on the surface of the insu- 
lating film; and forming a reflective display electrode with 
a conductive reflective material on the insulating film. 

40 [0026] As described above, according to the present 
invention, a reflection type liquid crystal display can be 
obtained, in which the luminance of each display pixel 
is enhanced, and a bright image can be displayed in a 
wider viewing angle. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

50 Fig. 1 is a sectional view of a conventional reflection 
type liquid crystal display; 
Fig. 2 is a sectional view of a reflection type liquid 
crystal display according to a first embodiment of 
the present invention; 

55 Fig. 3A is a diagram showing a method of measur- 
ing a reflected light intensity in the reflection type 
liquid crystal display of the present invention; 
Fig. 3B is a graph showing a relation between a de- 
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tected angle and the reflected light intensity meas- 
ured by the method shown in Fig. 3A; 
Figs. 4A, 4B, 4C and 4D are manufacture process 
diagrams of the reflection type liquid crystal display 
according to the first embodiment of the present in- s 
vention; 

Figs. 5 A and 5B are manufacture process diagrams 
of the reflection type liquid crystal display according 
to a second embodiment of the present invention; 
Figs. 6A, 6B, 6C and 60 are manufacture process 10 
diagrams of the reflection type liquid crystal display 
according to the second embodiment of the present 
invention; and 

Fig. 7 is a manufacture process diagram of the re- 
flection type liquid crystal display according to the is 
second embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 

[0028] The reflection type liquid crystal display ac- 
cording to the present invention will be described in the 
following. 

First Embodiment 25 

[0029] Fig. 2 is a sectional view of a first embodiment 
of the present invention. 

[0030] As shown in Fig. 2, in the first embodiment, 
TFT as a switching element is formed on an insulating 30 
substrate 10 of quartz glass or non-alkali glass or the 
like. 

[0031] Because the structure from the gate electrode 
11 of a refractory metal, such as Cr and Mo, up to the 
planarization insulating film 17 on the insulating sub- 3$ 
strate 10, is formed as in conventional display units, the 
description of those components is omitted. 
[0032] Reflective display electrodes 50, formed of 
conductive reflective materials, such as A! and silver 
(Ag) and connected to the sources 1 3s of the active lay- 40 
er 13 of a polysilicon film, are formed on the planariza- 
tion insulating film 17. For the surface of the reflective 
display electrode 50, a substantially central portion of 
the display electrode has a concave surface curved to- 
ward the TFT substrate 1 0, that is, substantially the cen- *s 
tral portion of the display electrode has a curved surface 
being concave in a direction of TFT substrate 10, and 
further in other words, the substantially central portion 
of the display electrode is configured to be depressed 
toward the TFT substrate. Moreover, the alignment film so 
20 of potyimide or the like for aligning the liquid crystal 
is formed on the entire surface covering the reflective 
display electrodes 50. In this connection, the surface of 
the display electrode above a contact hole is partially 
covered is more concaved than the other region surface 55 
of the display electrode owing to the influence of the 
presence of the hole. 

[0033] On the other hand, the counter electrode sub- 



strate 30 is, on the side facing the liquid crystal 21 , pro- 
vided with a color filter 31 comprising the primary colors 
R, G and B and a black matrix with a light shielding func- 
tion, and a protectiv film 33 formed of an acrylic resin, 
for example, to protect the color filter 31 . A counter elec- 
trode 34 facing the reflective display electrodes 50 is 
disposed on the whole surface of the protective film 33. 
Furthermore, an alignment film 35 of polyimide is formed 
over the entire surface of the counter electrode 34. 
[0034] On that side of the counter electrode substrate 
30 which does not face the liquid crystal, in other words, 
the viewing side of the display, a diffusing layer 43 to 
diffuse light, a phase (V4) plate 44 and a polarizer 45 
are formed in succession. 

[0035] For the liquid crystal 21 , TN liquid crystal can, 
for example, be used. 

[0036] The path traveled by light viewed by a user of 
the above reflection type liquid crystal display is de- 
scribed in the following. In Fig. 2, for convenience of de- 
scription, the path of incident light is shown in R pixels 
of the color fitter 31 , the path of the incident light and a 
part of reflected light is shown in G pixels, and the path 
of the reflected light is shown in B pixels. In reality, light 
100 is incident on each color as shown by each solid 
line, and the light reflected by the reflective display elec- 
trode 50 advances and emerges as shown by the bro- 
ken line. 

[0037] As shown by the solid line with an arrow in Fig. 
2, natural light 100 coming from the outside is incident 
on the polarizer 45 on the side of the observer 1 01 , and 
passes through the phase plate 44 to reach the diffusing 
layer 43. The light is diffused by the diffusing layer 43, 
and the diffused light passes through the counter elec- 
trode substrate 30, the color filter 31 , the protective film 
33, the counter electrode 34, the alignment film 35, the 
liquid crystal 21, and the alignment film 20 on the TFT 
substrate 10 to reach the reflective display electrode 50 
consisting of the reflective material and having the 
curved surface. The light is reflected by the reflective 
display electrode 50. 

[0038] Here, as shown in Fig. 2, because the vicinity 
of the center of the reflective display electrode 50 sub- 
stantially forms a concave curved surface, as shown by 
the broken line with the arrow in Fig. 2, the light reflected 
in the vicinity of the peripheral edge of the reflective dis- 
play electrode 50 travels linearly and in parallel, and 
passes through each color (R, G, B) of the color filter 
corresponding to the reflective display electrode 50, 
without passing through a portion not related with dis- 
play, such as the black matrix. The reflected light is dif- 
fused by the diffusing layer 43, passes through the 
phase plate 43 and the polarizer 45, and is viewed by 
the observer 101. It is obvious that the light reflected in 
the vicinity of the center of the display electrode also 
travels upward, and is diffused by the diffusing layer 43 
and viewed by the observer 101 . In this connection, the 
concaved portion formed on the surface of the reflective 
display electrode 50 owing to the contact hole as de- 
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scribed above also plays a partial role of the function for 
converging the reflected light in the rang in which the 
reflective display electrode 50 is formed. 
[0039] The light reflected by the reflective display 
electrode 50 passes through the liquid crystal 21 , th 
alignment film 35, the counter electrode 34, the protec- 
tive film 33, the color filter 31 , and the counter electrode 
substrate 30, and is diffused by the diffusing layer 43. 
The light further passes through the phase plate 44 and 
the polarizer 45 and enters the eyes of the observer 101. 
[0040] Additionally, because the diffusing layer 43 is 
provided, converged light reaching the diffusing layer 43 
is diffused in every direction by the diffusing layer 43 and 
emerges from the phase plate 44 and the polarizer 45. 
Because of the converging function of the reflective dis- 
play electrode 50, even when the reflected light from the 
reflective display electrode 50 fails to reach, for exam- 
ple, the black matrix positioned in the peripheral edge 
of the pixel, the vicinity of the peripheral edge of the pixel 
area is prevented from looking dark, so that a bright im- 
age can be displayed uniformly over the whole surface. 
[0041] The luminance measurement of the reflected 
light of the reflection type liquid crystal display will be 
described with reference to Figs. 3A and 3B. 
[0042] Fig. 3A shows a method of measuring the lu- 
minance of the surface of the reflection type liquid crys- 
tal display, and Fig. 3B is a graph showing measurement 
results. 

[0043] As shown in Fig. 3A, display is performed with 
a display side (the side of the counter electrode sub- 
strate 30) facing upward in a reflection type liquid crystal 
display panel provided with the TFT substrate 10 and 
the counter electrode substrate 30. Then, light is al- 
lowed to be incident upon the display panel from a di- 
rection inclined by a certain angle, for example, 0 to a 
vertical direction to the display surface. An incident light 
105 is reflected by the reflective display electrode, and 
an emerging reflected light in each angle is measured 
by a light intensity detector 106. The light intensity de- 
tector 106 is moved in an arrow direction from a normal 
line direction (shown by a broken line in Fig. 3A) of the 
liquid crystal display panel of Fig. 3A, the angle from the 
normal line direction is changed, and the reflected light 
in each angle is detected and measured. 
[0044] The measurement results are shown in Fig. 
3B. In Fig. 3B, the axis of abscissa shows the detected 
angle, and the axis of ordinate shows the reflected light 
intensity in each detected angle. Moreover, in Fig. 3B a 
solid curve shows a reflection type liquid crystal display 
of the present invention, while a broken curve shows a 
conventional reflection type liquid crystal display. In Fig. 
3B, angle 9 has an opposite direction from the normal 
line to the incident angle G of the incident light 105 in 
Fig. 3A, and has a size equal to that of the incident angle 
a 

[0045] As seen from Fig. 3B, in a conventional reflec- 
tion type liquid crystal display, the reflex light intensity is 
strong in a specific angle, that is, the incident angle of 



the incident light, but according to the reflection type liq- 
uid crystal display of the present invention, the reflect d 
light emerges out of the display panel in a wide angle of 
vi w, so that bright display can b viewed in a wide 

s range of the display panel. 

[0046] A method of forming the reflective display elec- 
trode having a curved surface will next be described. 
[0047] Figs. 4A to 4D are manufacture process sec- 
tional views of the reflection type liquid crystal display 

io of the present inventbn. 

[0048] After TFT is formed on the insulating substrate 
10 in a general manufacturing method, the planarization 
insulating film 1 7, for example, formed of an organic res- 
in is formed on the entire surface to flatten the surface. 

15 Subsequently, a contact hole is formed in a position cor- 
responding to the source 1 3s of the planarization insu- 
lating film 17, and the reflective display electrode 50, 
which consists of Al in contact with the source 13s 
through this contact hole and serves also as the source 

20 electrode, is formed on the planarization insulating film 
17. 

[0049] To form the reflective display electrode 50, a 
conductive reflective material of Al or Ag or the like, 
which is the material of the reflective display electrode, 

25 js fi rst deposited (Fig. 4A) . Ftesist patterns 60 are formed 
in areas, in which the reflective display electrodes 50 
are to be formed and a resist remains (Fig. 4B). After 
the Al (for example) is etched to form the reflective dis- 
play electrodes 50, the resist patterns 60 are removed. 

3Q Thereafter, the areas other than the reflective display 
electrodes 50 are covered with resist patterns 61 (Fig. 
4C). After anisotropic etching is performed by wet etch- 
ing, the resist patters 61 are removed. In this manner 
the surface of the reflective display electrode 50 can be 

35 provided with a concave curved surface (Fig. 4D). In the 
subsequent processes, an alignment film is formed on 
the surface to form the TFT substrate 10. 
[0050] Moreover, for the resist patterns formed on the 
reflective display electrodes 50, patterns in which only 

40 the substantially central portions of the reflective display 
electrodes are opened are first formed, and Al is etched. 
Subsequently, the resist patterns are removed to form 
new resist patterns having slightly larger openings, and 
Al is etched. By etching reflective display electrode sur- 

45 faces in a stepwise manner, the curved surfaces may 
be formed. 

[0051] Furthermore, as shown in Figs. 5A and 5B, the 
reflective display electrode surfaces may substantially 
be provided with curved surfaces. 
so [0052] After the drain electrodes 16 are formed as 
shown in Fig. 5A, the planarization insulating film 17 is 
applied to the entire surface, for example, by a spinner. 
Then, the planarization insulating film 17 can be applied 
to both surfaces of an area A formed by the drain elec- 
ts trodes 1 6, the gate electrodes 11 , and the like, and pro- 
truded from a TFT substrate surface, and a substantially 
flat area B in which the reflective display electrodes are 
to be formed. Therefore, the surface of the planarization 
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insulating film 17 itsell can be formed into a curved sur- 
face which is concaved toward the TFT substrate 10 
without especially etching the planarization insulating 
film 17. Subsequently, as shown in Fig. 5B t the contact 
holes for contacting the reflective display electrodes 50 
are made in the planarization insulating film 17 and the 
inter-layer insulating film 15, the reflective display elec- 
trode material is deposited in the contact holes, and the 
material is molded to form the reflective display elec- 
trodes 50. In this manner, the surface of the reflective 
display electrode can substantially be formed into a 
curved surface which is concave in the direction of the 
insulating substrate 10. Additionally, in Figs. 5A and 5B, 
to clearly show the conditions of TFT protrusions, the 
area B between the areas A is shown to be smaller than 
the area A, but the area B is actually larger because the 
reflective display electrode is formed in the area. 

Second Embodiment 

[0053] Figs. 6A to 6D show a second embodiment of 
the reflection type liquid crystal display of the present 
invention. 

[0054] The second embodiment differs from the first 
embodiment in that, instead of forming the concave 
curved surface in the reflective display electrode itself, 
the curved surface is formed in the planarization insu- 
lating film 17 disposed under the reflective display elec- 
trode 50, so that the reflective display electrode 50 
formed on the film substantially has the curved surface. 
[0055] In the constitution shown in Fig. 6A, because 
the structure from the gate electrode 11 of a refractory 
metal, such as Cr and Mo, up to the planarization insu- 
lating film 17 on the insulating substrate 10, of quartz 
glass or non-alkali glass or the like, is formed as in con- 
ventional display units, description of these sections is 
omitted. 

[0056] In the second embodiment, as shown in Fig. 
6A, contact holes are formed in the formed planarization 
insulating film 17. Subsequently, as shown in Fig. 6B, 
resist patterns 60 having openings in the areas in which 
the reflective display electrodes 50 are to be formed are 
formed on the planarization insulating film 17. Then, as 
shown in Fig. 6C, after anisotropic etching is performed 
on the planarization insulating film 17 by wet etching, 
the resist patters 60 are removed. In this manner, the 
planarization insulating film 17 can be provided with a 
surface which has concave curved surfaces on the side 
of the insulating substrate 10. For example, a film of Al 
as the material of the reflective display electrode 50 is 
formed on the whole surface including the curved sur- 
face of the planarization insulating film 17. 
[0057] Subsequently, as shown in Fig. 6D, a photoli- 
thography process is performed, and the area of the Al 
film in which the reflective display electrodes are to be 
formed, is selectively remained, to thereby form the re- 
flective display electrodes 50. Then, since the curved 
surface is formed on the planarization insulating film 1 7, 



the reflective display electrode 50 can substantially be 
formed into the shape having th curved surface. After 
the reflective display electrodes 50 are formed, the 
alignment film 20 of an organic resin such as polyimide 

5 for align ing the liquid crystal 21 is formed over the entire 
surface to complete the TFT substrate 10. 
[0058] Additionally, in the second embodiment, the 
contact holes are first formed in the planarization insu- 
lating film 17, but as shown in Fig. 6C the contact holes 

10 may be made immediately before the reflective display 
electrode material is applied onto the planarization in- 
sulating film 17. In this case, the troublesome step of 
removing the resist entering the contact hole during the 
forming of the resist pattern 60 can be omitted. 

15 [0059] In the same manner as in the result shown in 
Fig. 3B, the reflected light intensity of the reflection type 
liquid crystal display completed as described above is 
obtained so that a bright display can be viewed over a 
wide angle of view. 

20 [0060] Moreover, when the TFT substrate 1 0 and the 
counter electrode substrate 30 are assembled to form 
an LCD as shown in Fig. 2, and the diffusing layer 43 is 
formed in the same manner as in the first embodiment, 
on reaching the diffusing layer 43 the converged light is 

25 diffused by the diffusing layer 43 in every direction and 
emitted from the phase plate 44 and the polarizer 45. 
Even when the light reflected by the reflective display 
electrode 50 fails to reach the vicinity of the pixel periph- 
eral edge including the black matrix or the like, the dis- 

30 play can be observed uniformly and brightly over the en- 
tire surface. 

[0061] The behavior of the liquid crystal in each em- 
bodiment will be described with reference to Fig. 2. In 
the embodiments, when a voltage is not applied across 

35 the liquid crystal, a light entering from the outside is 
formed into a linearly polarized light by the polarizer 45, 
formed into a circularly polarized light by the phase plate 
44 and is incident on the liquid crystal 21 . The light is 
reflected by the reflective display electrode 50 with its 

40 phase changed by A/2, passes again through the liquid 
crystal 21 , has its phase changed by A/4 by the phase 
plate 44, is blocked by the polarizer 45 and appears to 
a viewer to be black. 

[0062] When a voltage is applied across the liquid 
45 crystal, a light entering from the outside is formed into 
a linearly polarized light by the polarizer 45, and the light 
is formed into a circularly polarized light by the phase 
plate 44 and is incident on the liquid crystal 21 . The light 
is then reflected by the reflective display electrode 50 
50 with its phase changed by A/2 and passes again through 
the liquid crystal 21 . In this case, the light becomes an 
ell iptic polarized light, hasltsphase changed by A/4 by 
the phase plate 44, is formed into a linearly polarized 
light by the polarizer 45, and appears to a viewer to be 
55 white. 

[0063] The insulating substrate 1 0 provided with TFTs 
fabricated as described above and the counter sub- 
strate 30, which faces the substrate 10 and which has 
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the counter electrode 34 and the alignment film 35, are 
bonded together with their peripheries sealed by a seal- 
ing bond 23, thus forming a space inside. Once the 
space is filled with the liquid crystal 21 , the LCD is com- 
plete. 5 

[0064] Additionally, in the above-described embodi- 
ments, the diffusing layer 43 disposed on the opposite 
side of the counter electrode substrate 30 from the liquid 
crystal 21, that is, on the external observer's side has 
been described, but the present invention is not limited w 
to the embodiments. Even when the diffusing layer 43 
is disposed on the side of the liquid crystal 21 of the 
counter electrode substrate 30, for example, between 
the counter electrode 34 and the protective film 33, the 
effect of the present invention can be provided. is 
[0065] Moreover, in the embodiments, while polysili- 
con was described as being used in the active layer of 
TFT, the present invention is not limited by this descrip- 
tion. Even when semiconductor materials such as amor- 
phous silicon, the effect of the present invention can be so 
provided. 

[0066J Furthermore, in the present invention, in addi- 
tion to Al, conductive reflective materials such as silver 
may be used as the reflective display electrode materi- 
als. 2S 

[0067] Moreover, in the description of the embodi- 
ments, the use of the planarization insulating film as the 
insulating film under the reflective display electrode has 
been described, but in the present invention, as shown 
in Fig. 7, the inter-layer insulating film may be provided 30 
with a curved surface in the same method as the method 
of etching the planarization insulating film to form the 
concave curved surface in the embodiment. Specifical- 
ly, the corresponding area in the center of each pixel of 
the inter-layer insulating film is etched, and the reflective 35 
display electrode is formed on the insulating film, so that 
the surface of the electrode is formed into a curved sur- 
face concaved toward the substrate. 



Claims 



40 



1 . A reflection type liquid crystal display comprising: 

a liquid crystal held in a gap between a first sub- 45 
strate and a second substrate disposed facing 
each other; and 

electrodes for driving the liquid crystal for each 6. 
pixel formed on said first and second substrates 
facing the liquid crystal, wherein so 
the electrode on said first substrate comprises 
a plurality of reflective display electrodes divid- 
ed for each pixel and formed of conductive re- 
flective materials, and each of the plurality of 
reflective display electrodes has a concavity to- ss 7. 
ward the first substrate on at least a surface fac- 
ing the liquid crystal. 



2. The reflection type liquid crystal display according 
to claim 1 , wherein a switching element for each pix- 
el is further formed on said first substrate, and the 
switching element is connected to the correspond- 
ing electrode of said plurality of reflective display 
electrodes. 

3. The reflection type liquid crystal display according 
to claim 1 or 2, wherein at least the surface of said 
reflective display electrode facing the liquid crystal 
is concaved toward said first substrate in the vicinity 
of the center of a pixel area. 

4. The reflection type liquid crystal display according 
to any one of claims 1 to 3, wherein 

at least an insulating film is formed between 
said reflective display electrode and said first 
substrate, 

the concavity toward said first substrate is 
formed for each pixel area on the surface of the 
insulating film facing the liquid crystal, and 
said concavity of the insulating film is continued 
to the surface of said reflective display elec- 
trode facing the liquid crystal formed on the in- 
sulating film. 

5. The reflection type liquid crystal display according 
to claim 1 , wherein 

a switching element formed for each pixel and 
a wire for supplying a signal to the switching 
element are formed on said first substrate, 
said plurality of reflective display electrodes are 
formed on an insulating film which is formed on 
the whole surface of the substrate so as to cov- 
er said switching element and said wire, 
each of said plurality of reflective display elec- 
trodes is positioned so as to cover rising areas 
disposed by the provision of said switching el- 
ement and/or said wire on the insulating film 
and a concaved area held between the rising 
areas, and irregularities of the surface of said 
insulating film are continued to said surface of 
the reflective display electrode facing the liquid 
crystal. 

The reflection type liquid crystal display according 
to any one of claims 1 to 5, wherein said concavity 
of the surface of the reflective display electrode is 
provided with a function of converging a light reflect- 
ed by the reflective display electrode in the corre- 
sponding pixel area. 

The reflection type liquid crystal display according 
to any one of claims 1 to 6, wherein said second 
substrate is provided with a light diffusing member. 
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8. A reflection type liquid crystal display comprising: 

a liquid crystal held in a gap between a first sub- 
strate and a second substrate disposed lacing 
each other; and 5 
electrodes for driving the liquid crystal formed 
on said first and second substrates facing the 
liquid crystal, wherein 

said electrode formed on one of said first and 
second substrates is a reflective display elec- 10 
trode formed of a conductive reflective material, 
and at least a surface of the reflective display 
electrode facing the liquid crystal has a concav- 
ity toward the substrate in each pixel area. 

75 

9. The reflection type liquid crystal display according 
to claim 8, wherein 

at least an insulating film is formed between 
said reflective display electrode and the sub- 20 
strate on which the reflective display electrode 
is formed, 

the concavity toward the substrate is formed for 
each pixel area on the surface of the insulating 
film facing the liquid crystal, and 25 
said concavity of the insulating film is continued 
to the surface of said reflective display elec- 
trode facing the liquid crystal formed on the in- 
sulating film. 

30 

10. The reflection type liquid crystal display according 
to claim 8 or 9, wherein said concavity on the sur- 
face of the reflective display electrode is provided 
with a function of converging a light reflected by the 
reflective display electrode in the corresponding 35 
pixel area. 

11. The reflection type liquid crystal display according 
to any one of claims 8 to 1 0, wherein said substrate 
facing said reflective display electrode via the liquid 40 
crystal is provided with a light diffusing member. 

12. A method of manufacturing a reflection type liquid 
crystal display provided with a liquid crystal held in 

a gap between a first substrate and a second sub- 45 
strate disposed facing each other, and electrodes 
for driving the liquid crystal formed on said first and 
second substrates facing the liquid crystal, said 
method comprising the steps of: 

so 

forming a reflective display electrode with a 
conductive reflective material on said first sub- 
strate; and 

selectively etching the surface of the reflective 
display electrode to form a concavity toward the ss 
first substrate on the surface of the reflective 
display electrode. 



13. A method of manufacturing a reflection type liquid 
crystal display provided with a liquid crystal held in 
a gap between a first substrate and a second sub- 
strate disposed facing each other, and electrodes 
for driving the liquid crystal formed on said first and 
second substrates facing the liquid crystal, said 
method comprising the steps of: 

forming an insulating film on said first substrate; 
selectively etching the surface of the insulating 
film to form a concavity toward said first sub- 
strate for each pixel area on the surface of the 
insulating film; and 

forming a reflective display electrode with a 
conductive reflective material on the insulating 
film. 
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